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“Man, according to the Stoics, ought 
to regard himself, not as something 
separated and detached, but as a 
citizen of the world, a member of the 
vast commonwealth of nature. To 
the interest of this great community, 
he ought at all times to be willing 
that his own little interest should be 
sacrificed.”
Adam Smith (1759). The Theory of 
Moral Sentiments
Although he found the Stoics’ idea 
compelling, Adam Smith realized early 
on that humans often do not sacrifice 
their ‘little interests’, but tend to 
pursue their own selfish agenda, which 
often opposes the interests of the 
group. Thus, the idea put forward by 
the Stoics has turned out to be largely 
an illusion. This raises the general 
question  of whether subordination 
of selfish interests will ever evolve in 
a Darwinian world where individuals 
compete with each other and natural 
selection is expected to maximise 
individual fitness and not group 
fitness.
The answer is ‘yes’, according 
to Bert Hölldobler and Edward 
O. Wilson, who in their new book 
‘The Superorganism – the Beauty, 
Elegance, and Strangeness of Insect 
Societies’ revive the idea of the insect 
society as a superorganism — working 
individuals sacrificing their selfish 
interests for the good of the greater 
community: the colony.
But what exactly is a 
‘superorganism’? Throughout the 
book, Hölldobler and Wilson switch 
between four definitions. The first 
is essentially the basic definition of 
eusociality: colonies with reproductive 
Book review division of labour (reproductive and sterile castes), overlapping 
generations and non-reproductive 
animals caring for the young. The 
second and stricter definition applies 
only to colonies of an advanced state 
of eusociality, in which reproductive 
conflicts among colony members 
are diminished such that workers 
are selected to maximise colony 
efficiency. A third definition states: 
“a superorganism is a colony of 
individuals self-organized by division 
of labour and united by a closed 
system of communication.” A fourth 
definition follows in the glossary: 
“a superorganism is a society that 
possesses features of organization 
analogous to the physiological 
properties of single organisms.” 
Interestingly, the authors themselves 
appear to disagree over the definition 
of a superorganism — Wilson applies 
the term to any type of eusocial 
organization, while Hölldobler 
prefers to use the term for species 
in which workers have partly lost 
their reproductive ability. This 
disagreement and the multitude of 
definitions provided betray the fact 
that it is actually quite unclear what 
a superorganism is — somewhat 
worrisome given the book’s title. 
In line with the third definition, 
Hölldobler and Wilson present a 
wealth of fascinating information on 
mechanisms of self-organization, 
division of labour, communication and 
nest architecture; some highlights are: 
the explanation of self-organisation — 
whereby the sum of simple decision 
algorithms of individual ants leads to 
assembly of the colony without any 
superior command; the division of 
labour in bee hives where workers 
perform nursing, food processing and 
foraging tasks in an age-dependent 
manner governed by differential gene 
expression and hormone levels; and 
the famous waggle dance of honey 
bee foragers, which communicates 
direction and distance of a newly 
discovered food source. From an 
evolutionary perspective, however, 
one is tempted to ask what this 
detailed mechanistic information tells 
us about why these behavioural traits 
have evolved in the first place. The 
authors claim that they do answer 
this question, and they take these 
mechanistic findings as evidence for 
natural selection acting at the colony 
level, which they propose acts to 
maximise the colony’s genetic fitness. But does this make sense in light of 
social evolution theory?
Unfortunately, the authors provide 
neither a clear overview of the 
up-to-date theory in the field nor 
a concise theoretical concept of 
the superorganism in evolutionary 
terms. Instead, Hölldobler and Wilson 
contrast group and kin selection — 
two concepts that describe how 
cooperative acts, such as working 
behaviour, can be favoured by natural 
selection. Theoretical models of group 
selection show that cooperation 
can be favoured when the positive 
effect of cooperation on group 
productivity outweighs the negative 
effect that results from cooperators 
being exploited by non-cooperators. 
Kin selection models show that 
cooperation can be favoured when 
cooperative acts are preferentially 
directed towards relatives. Hence, 
group composition plays a crucial 
role in both concepts — cooperation 
is more likely to be favoured when 
groups of cooperators are separated 
from groups of non-cooperators, 
i.e. when there is a high degree of 
relatedness among individuals.
Despite this ‘unifying principle’, 
Hölldobler and Wilson keep switching 
between acknowledging that the 
group selection and kin selection are 
the same and distinguishing between 
them. Furthermore, they stress several 
times that group selection, rather than 
kin selection, is the driving force for 
the evolution of insect eusociality. 
Superorganisms: The new book by Pulitzer 
Prize winners Bert Hölldobler and Edward O. 
Wilson aims to revive the concept of the su-
perorganism for insect societies.
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R106Behaving for the good of the group? The superorganism idea is ambiguous for the Ponerine 
Harpegnathos ant colonies (top), in which workers selfishly pursue their reproductive inter-
ests; but more realistic for leafcutter ant colonies (bottom), in which intra-colonial conflicts are 
repressed (e.g. among workers and the queen of Atta cephalotes). Images reproduced with 
permission from Hölldobler and Wilson’s book.This is confusing because the two 
concepts have been demonstrated 
to be equivalent. This means that if 
the evolution of insect eusociality 
cannot be explained by kin selection, 
it can also not be explained by group 
selection — this is certainly not the 
point Hölldobler and Wilson wish to 
make. Yet, more confusion arises 
when they claim that high relatedness 
is merely a consequence of eusociality, 
rather than an evolutionary cause. This statement invalidates both kin and 
group selection as likely explanations 
for the evolution of colonial living 
and has been empirically refuted by 
a recent comparative study in social 
insects (Hughes, W.O., Oldroyd, B.P., 
Beekman, M. and Ratnieks, F.L. (2008). 
Ancestral monogamy shows kin 
selection is key to the evolution of 
eusociality. Science 320, 1213–1216).
These issues go beyond mere 
semantics: kin selection and high relatedness certainly must 
play an important role in shaping 
superorganisms. But what conditions 
are required for superorganisms to 
evolve? Evolutionary theorists Andy 
Gardner and Alan Grafen have tackled 
these questions, and developed a 
formal theory of the superorganism 
concept (Grafen, A. and Gardner, A. 
(2009). Capturing the superorganism: 
a formal theory of group adaptation. 
J. Evol. Biol., DOI 10.1111/
j.1420- 9101.2008.01681.x). They 
show that the term ‘superorganism’ is 
only justified for organisms in which 
cooperation occurs among clonal 
individuals or when competition among 
group members is fully repressed. 
Only in those cases, individual fitness 
maximisation is equivalent to the 
maximisation of group fitness. 
Do these restrictive conditions apply 
to social insect colonies, which are 
composed of non-clonal individuals? 
An answer to this question can be 
extracted from the end of the chapter 
on ‘communication’, where Hölldobler 
and Wilson touch upon conflicting 
interests among colony members. 
These potential conflicts arise due to 
the haplo-diploid sex determination 
system in Hymenopteran insects 
(bees, wasps and ants), where 
unfertilised and fertilized eggs develop 
as males and females, respectively. 
This leads to asymmetric degrees of 
relatedness among colony members; 
for example, workers are three times 
more related to their sisters than 
to their brothers, so kin-selection 
theory predicts that it should pay-
off for workers to bias the sex-ratio 
of offspring they raise in favour of 
producing more sisters, rather than 
brothers. This opposes the queen’s 
interest, who is equally related to all 
her offspring and should thus prefer an 
equal investment in both sexes.
Other potential conflicts arise 
between workers and the queen 
over male production and among 
workers over queen rearing. The 
communication section of the book 
reveals that conflicts are often not 
repressed within insect colonies, 
which contradicts the superorganism 
idea, in the sense advocated by 
Hölldobler. Unfortunately, the 
authors address the conflicts of 
interests among colony members 
only briefly and, thus, do not pay 
due credit to what has been a main 
area of social insect research in the 
last two decades. This is a serious 
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islands’ most charismatic birds. ”We 
are used to seeing them in good 
numbers on all the islands,” he said. 
“These unexplained declines are really 
worrying and we’ll do everything we 
can to understand what is going on.”
Climate change and overfishing are 
two of the prime suspects, but the 
rate of decline has alarmed even the 
most pessimistic observers.
Richard Cuthbert of the UK’s Royal 
Society for the Protection of Birds 
(RSPB), and an author of the latest 
report on the northern rockhopper’s 
status, writes that it is one of four 
penguin species now considered 
endangered. “With more than half 
the world’s penguins facing varying 
degrees of extinction, it is imperative 
that we establish the exact reason.” 
Geoff Hilton, a conservation biologist, 
said: “We really don’t understand the 
causes, but we suspect that a major 
change is taking place in the marine 
ecosystem.”
Nigel Williams
Sea dive
The latest survey data on a once-
common penguin species that 
inhabits remote southern islands and 
was one of the most characteristic 
residents of Tristan da Cunha now 
appears to be in dramatic decline. 
Researchers have found that 
numbers of the northern rockhopper 
penguin (Eudyptes moseleyi) at 
Tristan da Cunha and Gough Island 
have been disappearing at the rate of 
100 birds per day.
The islands, which are 370 
kilometres apart, are the penguin’s 
stronghold, with more than 80 per 
cent of their population found there. 
The northern rockhopper penguin 
was only recently considered a 
separate species from the more 
widely distributed southern 
rockhopper penguin, which also 
appears in decline.
Trevor Glass, a conservation officer 
on Tristan da Cunha, said that the 
northern rockhoppers were one of 
On the rocks: Numbers of one rockhopper penguin species of the Southern Ocean 
appear to be in drastic decline. (Photo: Alamy.)shortcoming because it would have 
allowed to compare conditions under 
which potential conflicts become 
real conflicts (e.g. the conflict over 
sex ratio) and those where they don’t 
(e.g. conflict over queen rearing) — a 
crucial criterion for the superorganism.
The final chapters are devoted 
to the Ponerine ants — a subfamily 
characterized by its staggering 
diversity and by its primitive social 
organization — and to the leafcutter 
ants, which exhibit the most elaborate 
division of labour seen in the social 
insects. Can the superorganism be 
found amongst them? The answer is 
most certainly ‘no’ for the Ponerine 
ants, in which competition between 
colony members is overt — workers 
of many species are still able to mate 
and compete for reproduction with 
the queen or other mated workers by 
forming dominance hierarchies. The 
constant conflict in Ponerine ants 
contrasts with the apparent harmony 
of leafcutter ant colonies in which all 
intra-colonial conflicts seem to be 
repressed: Hundreds of thousands 
of sterile workers are part of a 
size- and age-based caste system, 
with each caste following its own 
specific task. Leaves are collected to 
cultivate fungus gardens, which feed 
the colony. Enormous underground 
nests and tunnels are built and the 
waste is managed in an elaborate 
fashion. It seems as if leaf-cutter ant 
colonies come closest to what can 
be considered a superorganism — 
individual animals behaving as a single 
adaptive agent that acts to maximise 
its own fitness.
As these examples illustrate, the 
book provides a fascinating and 
detailed record of the natural history 
of the social insects, these superb 
organisms; — surely a treasure for any 
reader with even a remote interest in 
biology. But the theoretical concept 
of the superorganism and social 
evolution theory in general is mostly 
confusing and erroneous. At least 
as an evolutionary biologist with an 
interest in the evolution of eusociality, 
one is left wondering whether the 
authors would not have done better 
by shortening the title to ‘The Beauty, 
Elegance and Strangeness of Insect 
Societies’ and dispensing with the 
‘superorganism’ altogether.
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